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Variations in the fluoride levels of
drinking water in South Africa
Implications for fluoride supplementation
S.RGROBLER, AG.DREYER
Summary
The range of fluoride levels in the drinking-water of
cities and villages in South Africa was determined
during the transition from a very dry (1983) to a wet
(1984/85) period. The combination fluoride ion selec-
tive electrode was employed for the determination of
the fluoride concentration. It was found that fluoride
levels in drinking-water changed for 93% of the
cities and villages studied during the period 1983-
1985. Furthermore, it became clear that when the
water volume of the supplying source increased, the
fluoride level decreased significantly (P < 0,01).
Boreholes showed significantly higher fluoride levels
(P < 0,01) than rivers or dams. The impact of the
variation in drinking-water fluoride concentrations
on supplementary fluoride dosage is discussed and
recommendations made.
SAfrMed J 19a8; 73: 217-219.
It is generally accepted today that a drinking-water fluoride
concentration of about 1 ·ppm is the optimum for the control
of dental caries, avoiding the possibility of overdose and hence
the development of dental fluorosis. I-3 Dental fluorosis is
considered to be the earliest sign of chronic fluoride toxicity.
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Drinking water fluoride levels of higher than 1 - 2 ppm4,5 are
not recommended by the US Environmental Protection Agency,
because of the higher risk of producing unaesthetic enamel
fluorosis. 5,6-9
In a country such as South Africa with -its extreme climatic
variations between very wet and very dry seasons, one might
anticipate a variation in the fluoride content of the drinking-
water supply in areas where this occurs. If this were true it
would be important not only to know the fluoride levels in
drinking-water, but also the range of variation thereof before
fluoride supplementation could be accurately prescribed. In
general, systemic fluoride supplementation (in tablet form, for
example) is recommended when the drinking-water fluoride
level is lower than 0,7 ppm. IO•11 It is, however, known that the
optimum fluoride dosage6,9,Io is also dependent on the annual
average maximum daily air temperature.
The objective of this study was to test the hypothesis that
variations in fluoride levels of water do occur, and that changes
in the water level of sources due to the influence of dry and
wet seasons could be one of the reasons for these variations.
The resulting clinical importance of these variations in terms
of fluoride supplementation was then addressed. Furthermore,
a search through the literature did not reveal a single study on
the above subject that could assist in the planning of this
project.
Materials and. methods
Samples of drinking water were collected in 20 ml polypropylene
~ontainers from cities and villages throughout South Africa. This
was done in 1983 and 19W1985. The rainfall during this period
differed remarkably and therefore the seasons varied from extremely
dry to extremely wet.
One part of each water sample was mixed with one part of
TISAB III M triammonium-citrate buffer12 and the mixture was
left overnight. At the same time five fluoride standards varying
between lO-IM and 1O-7M were prepared in 50% buffer from a
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standard sodium (lOO ppm) fluoride solution. A calibration curve
was set and the fluoride concentration of the sample determined
with the use of a combination fluoride ion selective electrode in
conjunction with a potential meter. Two different fluoride
measurements (which did not differ from each other by more than
3%) were done on each water sample and the mean value noted.
Results
Table I shows the range of the drinking-water fluoride concentra-
tion in the RSA for an exceptionally dry season and for a wet
season during 1983 and 1984/1985 respectively. No range is given
when the water fluoride levels for both the wet and dry seasons
were less than 0,05 ppm fluoride or when there was no significant
difference (± 5%) between the wet and dry seasons. In 33% of the
cities and towns, the fluoride levels never rose above 0,05 ppm
and could thus not be included in calculations on variations since
the fluoride electrode is inaccurate at this very low level. Altogether
44% never rose above 0,10 ppm and were also seldom used.
Of the samples tested to compare the fluoride levels from 1983
to 19W1985, 65% showed decreased and 27% increased levels of
fluoride in the water, resulting in a total of 93,3% exhibiting
variations. It can thus be defInitely stated that variations in
fluoride levels in drinking water occur frequently.
The McNemar test for symmetry on the water levels of the
sources and the corresponding fluorkie levels, yielded a P value of
< 0,001 and it can therefore be said that statistically there is a
highly significant shift in symmetry. When the water level of a
source increases, one can expect to fmd less fluoride in the water
and vice versa. It can thus be expected that dry and wet seasons
will have an effect on the fluoride content of drinking water. A
significant decrease (P < 0,01) in 84% and 83% of cases was found
in the water fluoride levels of boreholes and surface reservoirs
respectively, when the volume of water in them increased.
The Marm-Whimey U-test shows that the water fluoride levels
of boreholes differed significantly (P < 0,01) from that of dams or
rivers for the years 1983 and 19W1985. However, the fluoride
levels of dams did not differ significantly (P > 0,05) from that of
rivers. Boreholes showed significantly (P < 0,01) higher fluoride
levels.
Discussion
From the Hydrological Data Reports obtained from the Depart-
ment of Water Affairs in Pretoria (l Schutte - personal
communication) it became clear that 1983 was a very dry
period for most areas in the RSA and was therefore chosen as
part of the study period. On the other hand, the majority of
areas received adequate rain during the period 1984/1985.
Drinking-water in the RSA is provided mainly from dams,
rivers and boreholes. The main reason for the altered fluoride
levels (in 80% of cases) proved to be the change in the water
volume of the ·source owing to rain or drought. Many places
use more than one source for drinking-water and sometimes
change the ratio for miXing these sources. Of the fluoride level
variations registered, 20% were traced to changes in these
ratios. During the drought of 1983 many towns were forced to
make greater use of borehole water because of the drying up
of surface water. During the period of investigation Harrismith
for example, changed from using the Wilge River as a water
source to using the Sterkfontein dam.
We published a table13 on the fluoride concentrations of
drinking-water during the very dry season of 1983, which is
currently being used for the determination of fluoride sup-
plementation. That year proved to be a very dry season for
most parts of the country, and the water fluoride levels in the
TABLE I. RANGE OF DRINKING WATER FLUORIDE CONCENTRATIONS (ppm) FOR CITIES AND VILLAGES IN SOUTH AFRICA
Cape Province
Adelaide 0,37-0,46 De Dooms <0,05 Gordon's Bay <0,05 Kuils River <0,05 PaaII (Wemmenshoek)< 0,05 Steynsburg 0,60
Barkly West 0,45·0,51 Despa1ch <0,05 Hanover 0,60 Laingsburg 0,90 Paraw <0,05 Strand <0,05
Beaufort West 0,30-0,42 Douglas 0,21-0,64 Heidelberg <0,05 Marydale 0,96-1,20 PoIadder 2,45-2,58 Sutherland 0,72-0,79
Bellville <0,05 Durbanville <0,05 Hout Bay <0,05 Middelburg 0,64 Port Nolloth 0,82 Tarkastad 0,64
Brackenfell <0,05 FISh Hoek 0,05 Jamestown 1,72-2,61 Milnerton <0,05 Postmasburg 0,15-0,40 Victoria West 0,53
Brandvtei 1,27 Fort Beaufort 0,48-1,00 Jansenville 1,07-1,43 Mitchell's Plain <0,05 Richmond 1,11 VillielSdorp <0,05
Britstown 0,53 Franschhoek <0,05 Kenhard1 2,40-2,66 • Mosse/bay <0,05 RivelSdal ·<0,05 Warrenton 0,40-0,68
BurgelSdorp 0,40-0,59 Fraserburg 0,78-0,89 Kimberley 0,40-0,55 Muizenberg <0,05 Riviersonderend <0,05 Wilderness <0,05
Cape Town <0,05 George <0,05 Knysna <0,05 Murraysburg 0,49-0,57 Sedgefield <O,G~
Colesber9 0,71-0,76 Goodwood <0,05 Kraaitontein <0,05 Noupoort 0,72 Stellenbosch <0,05
Natal
Amanzimtoli <0,05 Eshowe 0,05 KwaMashu 0,05 Park Rynie 0,17-0,27 Scotlsburgh. 0,17-0,27 Umzinto 0,17·0,27
Clenmont <0,05 Estcourt 0,05 Ladysmith 0,08-0,24 Pietermaritzburg <0,05 Stanger 0,16-0,24 Utrecht 0,04-0,64
Colenso 0,14 Glencoe/Dundee 0,07-0,1? Margate 0,14 Port Edward 0,14 UmhlangaRocks 0,08-0,13 Uvongo 0,12-0,16
Dalton 0,05 Hibberdene 0,14 Mataliele 0,05-0,27 Port Shepstone 0,14 Umkornaas 0,11 Verulam 0,09
Durban 0,05 lsipingo <0,05 Mooiriver 0,05 Queensburgh 0,05 Umlazi 0,05 Vryheid <0,05
Edendale <0,05 Kingsburgh <0,05 Newcastle 0,14-0,24 Ramsgate 0,14 Umtentweni 0,14 Westville 0,05
Empangeni 0,17-0,23
Transvaal
A1berton 0,21-0,33 Cartetonville 0,21-0,33 Lenasia 0,21-0,33 Nigel 0,21-0,33 Rustenburg 0,20 Sliltontein 0,41-0,60
Benoni 0,21-0,33 Germiston 0,21-0,33 Louis Trichard1 0,13 Orkney 0,40-0,85 Sasolburg 0,21-0,33 Thabazimbi 0,45-0,66
Bethal 0,22-0,34 Heidelberg 0,21-0,33 Messina 0,23-0,57 Phalaborwa 0,24-0,32 Schweizer-Reneke0,21-0,59 Vanderbijlpark 0,21-0,33
Boksburg 0,25-0,33 Johannesburg 0,21-0,33 Meyerton 0,21-0,33 Pretoria (City) 0,21-0,33 Secunda 0,21-0,41 Vereeniging 0,21-0,33
Brakpan 0,21-0,33 Kemptonpark 0,21-0,33 Middelburg 0,34 Randburg 0,21-0,33 Soweto 0,21-0,33 Verwoerdburg 0,21-0,33
Brits 0,38-0,54 K1erksdorp 0,36-0,59 Naboomspruit 0,47-0,96 Randfontein 0,21-0,33 Springs 0,21-0,33 Wakkerstroom 0,14-0,38
Bronkhorstspruit 0,09-0,26 Krugersdorp 0,21-0,33 Nelspruit 0,08-0,10 Roodepoort 0,21-0,33 Standerton 0,18-0,41 Witbank 0,43-0,48
Orange Free State
Bethlehem 0,41 Chrisliana 0,43 Hanismith 0,08 Odendaalsrus 0,43-0,87 Reitz 0,30-0,43 Viljoenskroon 0,17-0,23
Bethulie 0,38-0,56 Clarens 0,72-1,43 Henneman 0,43-0,87 Parys 0,26-0,39 Senekal 0,35-0,78 Virginia 0,43-0,87
BIoemfontein 0,21-0,35 Clocolan 0,37-1,05 Jacobsdal 0,35-0,45 Petrusburg 0,92-1,06 Trompsburg 0,76 Warden 0,22-0,36
Bolhaville 0,43-0,87 Fauresmith 0,56-0,76 Kroonstad 0,19 Reddersburg 0,54-0,72 Ventersburg 0,68-0,87 Welkom 0,43-0,87
Brand10rt 0,32-0,39
If there was no significant variation of the fluoride levels between the seasons only one value is given.
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table were also of a higher concentration. Thus, the use of the
table13 for fluoride prescriptions will in all but two places at
most have led to somewhat lower fluoride supplementation
only and no damage to teeth could have occurred. For the
places where the range of water fluoride levels are not given
(Table I), we still recommend the use of the same values as
found in our initial table 13,14 for fluoride supplementation
prescriptions.
When examining the clinical importance of variations in
fluoride content of drinking water, we compared the fluoride
supplementation dosage calculated for the 1983 and the 1984/
1985 ends of the fluoride range for every city and town. For
the majority of cities and towns the fluoride dosage remained
unchanged. Of these cities and towns in the no dosage (> 0,7
ppm) range during 1983 30% moved to the low dosage (0,3 -
0,7 ppm) range (Table II) in 1984/1985, 35% in the low
dosage range moved to the high dosage range « 0,3 ppm)
respectively. Some cities and towns would thus at times be
under the optimal dosage limits on the 1983 chart and only 2
towns would at times be in danger of being overdosed (Messina
and Fauresmith).14
foodstuffs and, for example, toothpastes and mouth rinses. It
'is rather difficult, but not impossible, to determine the daily
fluoride intake from all these sources. However, the bio-
availability of fluoride for the body may differ completel~
from one foodstuff to the other, depending on many factors. IS, 6
For example, although the fluoride content of fish bones is
high only a small portion will eventually be absorbed by the
human body. IS The amount of absorption, therefore, is actually
the crux of the matter.
If all the other sources of fluoride intake besides that of
fluoride from drinking-water are within the normal average
intake range they need not be considered, as allowance for
them has already been made in the supplementary fluoride
. dosage schedule (Table I). Parents must, however, be warned
when major changes in water sources for a particular area are
effected, as these may lead to changes in the fluoride content
of the water and altered fluo~ide dosages.
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TABLE 11. SUPPLEMENTARY FLUORIDE DOSAGE
SCHEDULE (mg fluoride/day)"
Ppm fluoride in drinking water
< 0,3 0,3-0,7 0,7
0,25 0, 0
0,50 0,25 0
1,00 0,25 0
Age
Birth - 24 moo
25 - 36 moo
37 moo - 13 yrs
In the light of the above, we recommend that the prescriber
of fluoride supplementation should decide whether it is a dry
or wet season for his area and then read the fluoride content
for that area, from the higher or lower end of the water
fluoride content range from Table 1. If uncertainty about the
season exists then the higher fluoride content (lower dosage) of
the range should be used for dosage calculations in conjunction
with Table IVI The Department of Water Mfairs in Pretoria
may also be' contacied to provide assistance in making this
decision.
If, however, one wants to approach prescribing fluoride
supplementation in a very critical manner, other factors should
also be taken into account. It is, for instance, known that the
optimum fluoride dosage6,9,lO is also dependent on the annual
average maximum daily air temperature. This is because higher
temperatures will induce a greater consumption of water which
will lead to a greater consumption of fluoride if the water
contains fluoride. The reverse is also true (refer to previous
articles IO,13,14 on this subject).
There are other sources of fluoride intake besides water. 1S,16
It can be obtained from baby milk powders, tea, and other
